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Abstract
In order to focus on the methods in which urea denatures a protein, the denaturation of 
Fasciola hepatica thioredoxin (PDBid: 2vim)in molecular dynamics simulations. Each will be set 
in a water box filled with 8M of urea under a constant temperature of 500K for a total of 100 
ns. Our results demonstrate the mechanism of denaturation by urea involves hydrogen bonding 
between the protein and the urea, but these H-bonds are established quickly and the number 
of hydrogen bonds does not change with time as the protein denatures.  The number of urea 
molecules interacting with the protein increases during the first 50 ns but seems to vary greatly 
after that.  The number of water molecule interacting with the protein is less but varies in a 
similar manner. The secondary structure disappears the first 50 ns of the simulation while the 
solvent accessible increases during the same period. The radius of gyration and end-to-end 
distance both increase throughout the simulation.  
To study each of the denaturants’ properties, four simulations were created, including a 
thermal simulation with no denaturants as a control. A 150 x 150 x 150 Å3 water box was 
created using the graphics program VMD, where the simulations will run. The coordinates and 
model of each of these proteins were obtained from the Protein Data Bank. Then the proteins 
were placed into the TIP3 water box. Using NAMD, the water box setup was placed in 
equilibrium to allow constant heating of 500 K and constant pressure done by a Langevin 
piston. All simulations were maintained at a 500 K temperature. In order to effectively 
denature the proteins, 10582 molecules of urea were used in their separate water box 
simulations. In order to neutralize charges from the denaturants, we added 0.15 M of NaCl into 
the water box. The simulation ran for a total of 200 ns in order to study each of the 
denaturants and the thermal’s effects on the denaturation of the proteins. Any calculations for 
further coordination and movements of the proteins and denaturants were done by using 
CHARMM 36. Once the simulation finished, routines for the radius of gyration, the root-mean-
square-deviation, the percentages of secondary structures, solvent accessible surface area, and 
ligand counts between the denaturant and protein were provided by VMD. The interaction 
energy (electrostatic and vaan der Waals) contributions were calculated and retrieved using the 
CHARMM 36 The cutoff for vaan der Waals and electrostatic interactions were set for 3 Å. All 
data was taken on the timespan of the simulations to determine any changes during the 
denaturation.
Despite being an effective way of unfolding a protein, little is known in the methods as to how 
urea is able to accomplish the denaturation of proteins. One possible way in which urea can 
denature proteins is by disrupting the hydrogen bonds that hold the proteins together1. Another 
possible way is that urea may indirectly interact with the protein by interacting with the water 
and pulling them away from the protein. In doing so, the hydrophobic areas of the protein 
would not be as repulsive and therefore become more exposed2. However, some studies have 
suggested that it may be possible that the denaturation of proteins using urea may be using 
both methods in order to efficiently denature the protein1,3. From a previous study involving 
the denaturation of Gia protein, the most proficient method to better study this phenomenon is 
through the use of molecular dynamics situation4. In hopes to see if the same mechanisms used 
in the Gia protein simulation applies to other proteins and to conduct faster simulations, we 
picked 4 small proteins, all made mostly of certain secondary structures: Fasciola hepatica 
thioredoxin (PDBid: 2vim), human β2-microglobulin (2yxf), the receptor binding domain of 
mouse PD-L2 (3bov) and Aspergillus oryzae ribonuclease T1 (4bir). In doing so, we can more 
efficiently understand the method in which urea interact with proteins. 
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Conclusion
• 8 M Urea is able to completely denature thioredoxin in a short period of time (Figure 1). 
• Urea interacts with the protein through the use of hydrogen bonding (Figure 2). 
• Because of the lack of significant increase or decrease of water molecules interacting with 
thioredoxin, the indirect interaction of urea to the protein via water may not be true (Figure 6).
Figure 1. Denaturation of thioredoxin using 8M of Urea. 
Depicted is 2vim in the simulation. Top row: 0 ns, 32 ns, 64 
ns. Bottom row: 98 ns, 132 ns, 160 ns. 
Results and Discussion
The purpose of this project is to better understand the methods by which urea denatures a protein. All the data 
shown are from the former year’s simulations, with 4816 molecules of urea in a 100 x 100 x 100 Å3 water boxas 
the runs of this year were still in the process and have not been analyzed. In these data, we were only able to 
finish the simulation for thioredoxin and the simulation ended at 162 ns as the denaturation was done. By 50 ns, 
the secondary structures have been completely denatured (Figure 5) as the protein extends outward (Figure 4). 
At that same time, the protein has an increase of surface area accessible to the solvent (Figure 3). The number 
of urea increases slightly from 400 to 600 urea molecules binding to thioredoxin during this same timeframe of 50 
ns while the number of water molecules binding to thioredoxin remains at 75 molecules throughout (Figure 6). 
Figure 3. Solvent Accessible Surface Area. Between 0 and 50 ns, 
the hydrophilic surface area increases from 1000 Å to 10000 Å. 
Between 0 and 50 ns, the hydrophobic surface area greatly 
increases from 2500 Å to 8500 Å and continues to increase to 
10000 Å.Urea
Figure 2 Urea binding to denatured thioredoxin.  This figure 
shows H-bonds from urea molecules to residues 60 to 61 at the 
end of the simulation.  The blue dashed lines are the H-bonds 
(all with urea donating the hydrogen) while the cyan dashed 
lines are close contacts between the protein and the urea.  
The protein is shown in licorice and the urea in ball –and-
stick.
Figure 6. Molecules of Water and Urea Interacting within 3 Å of 
thioredoxin. The number of urea interacting with 2vim increases 
between the first 50 ns as a result of more areas of the protein 
being accessible for further interactions. From then on, the number 
of urea plateaus. Overall, the number of water that interacts with 
thioredoxin stays the same, with a slight drop between 75 and 100 
ns before returning back to ~ 75 molecules of water interacting 
with thioredoxin.
Figure 4. Radius of Gyration. Between 0 and 50 ns, the protein’s 
radius of gyration steadily increases before exponentially increasing 
towards the end of the 50 ns. Between 50 and 125 there is a slight 
increase from 25 Å to 30 Å. Then there is a great increase to 43 Å 
and it remains as such for the rest of the simulation.
Figure 5. Secondary Structures of thioredoxin. Denaturing of 
thioredoxin led to the progression of breaking down the 
secondary structures in the protein throughout the simulation. All 
secondary structures are fully denatured by 50 ns.
